Introduction
It has been suggested that environmental and genetic factors may affect the individual's susceptibility to cancer (Derynck et al., 2001 ). An important gene identified as cancer susceptibility one is transforming growth factor β (TGF-β), which exerts tumor-suppressive effects that cancer cells must elude for malignant evolution (Massague, 2008; Li et al., 2014) . TGF-β is a member of the transforming growth factor beta family and works as a multi-functional cytokine that plays a key role in cell proliferation, apoptosis and differentiation (Massague, 2008) . Two transmembrane Serine/Threonine kinase receptors, known as TGF-β receptor I (TGFBR1) and TGF-β receptor II (TGFBR2), are required for TGF-β signaling transduction. The TGF-β ligand first binds to TGFBR2 at the plasma membrane, resulting in the formation of the TGFBR1-TGFBR2 complex. Then, TGFBR2 phosphorylates TGFBR1, and the activated TGFBR1 in turn phosphorylates Smad2 and Smad3. Finally, phosphorylated Smad2 and Smad3 form a complex with Smad4 and, when formed, this complex translocates to the nucleus to regulate target gene expression (Schmierer and Hill, 2007; Ikushima and Miyazono, 2010) .
In 2001, Seijo et al. (Seijo et al., 2001) reported one polymorphic variant of TGFBR2, G-875A (rs3087465), caused a G"A transversion in the promoter region of 1 1 the gene. Furthermore, they found this base-pair change enhanced the activity of TGFBR2 transcription in normal epithelial cells and affected the specific binding with oligonucleotide probes (Seijo et al., 2001) . On the basis of the important role of TGFBR2 in the carcinogenesis, this polymorphic variant identified may be functionally associated with cancer susceptibility.
Analysis of case-control studies is the most prevalent method of investigating the association between a disease and a specific gene polymorphism. Thus far, a number of studies have reported the role of TGFBR2 G-875A polymorphism in cancer risk, but the results remain inconclusive, partially because of the relatively small sample size in each of the published studies. Therefore, here we performed a meta-analysis of the published studies to derive a more precise estimation of the association between TGFBR2 G-875A polymorphism and the cancer risk.
Materials and Methods

Selection of studies
All of the case-control studies were identified by a computerized literature search of the PubMed, Web of Science, EBSCO, and CGEMS database (prior to July 2014) using the following words and terms: ''TGFBR2'', ''polymorphism'', and ''cancer''. References of the retrieved publications were also screened. Studies had to be based on an unrelated case-control design, so pedigree data were excluded. The genotype distribution of the control population of the studies had to be in HardyWeinberg equilibrium (HWE) (P>0.05).
Data extraction
The following basic data were collected from the studies: first authors, journals, year of publications and cancer subtypes.
Statistical analysis
For each study, the OR was first calculated to assess the association between the polymorphisms and the disease in table 1. In meta-analysis, we examined the association between allele G of G-875A and the risk of cancer compare to that of allele A, as well as using recessive [A/A vs. (G/ G+A/G)], and dominant [ (A/A+A/G) vs G/G] genetic models. There are three widely used methods of metaanalysis for dichotomous outcomes: two fixed effects methods (Mantel-Haenszel's method and Peto's method), which assume that studies are sampled from populations with the same effect size, making an adjustment to the study weights according to the in-study variance; and one random effects method (DerSimonian and Laird's method), which assumes that studies are taken from populations with varying effect sizes, calculating the study weights both from the in-study and between-study variance, considering the extent of variation, or heterogeneity. In our study, both Mantel-Haenszel's fixed effects method and DerSimonian and Laird's random effects method were used in Stata 10.0 software. A chi-square-based Q-statistic test was performed to evaluate the between-study heterogeneity of the studies. If P<0.10, the between-study heterogeneity was considered to be significant, we chose the random-effects model to calculate the OR. Otherwise, when P≥0.10, the between-study heterogeneity was not significant, then the fixed-effects model was suitable. In the absence of between-study heterogeneity, the two methods yield similar results. In order to make a clear comparison, we present the OR of both the random-effects model and fixed-effects model for every meta-analysis. A pooled OR obtained by meta-analysis was used to give a more reasonable evaluation of the association. A Z test was performed to determine the significance of the pooled OR (P≤0.05 suggests a significant OR). Funnel plots were used to access publication bias by the method of Egger's regression test. A T test was performed to determine the significance of the asymmetry. An asymmetric plot suggested possible publication bias (P≥0.05 suggests no bias). Hardy-Weinberg equilibrium was tested by the Chisquare test based on a program (http://www.ihg.gsf. de/cgi-bin/hw/hwa1.pl). Analyses were performed by Stata10.0 software.
Results
Study characteristics
There are 9 studies (3, 808 cases and 4, 489 controls) analyzing the relation of TGFBR2 G-875A polymorphism and the risk of cancer. Each subpopulation in these articles was treated as a separate study in our meta-analysis. All the studies were published from Year 2001 to 2013. Populations were divided into different cancer subtypes and ethnic categories. All individual studies were in HWE. Table 1 shows the details of the cases and controls in the included studies, together with the ORs we calculated to make a primary evaluation. Table 2 is the summary of the meta-analysis of case-control studies examining the association between TGFBR2 G-875A polymorphism and cancer risk, with the comparison between different cancer subtypes and different ethnicities.
Main results
For each study we investigated the association between TGFBR2 G-875A polymorphism and cancer risk, assuming different inheritance models of the G24A allele Overall, when all the eligible studies were pooled into the meta-analysis, associations between TGFBR2 G-875A polymorphism and cancer susceptibility were observed in all genetic models. Significant associations were found for allele A vs. Table 2) . Subgroup analyses by ethnicity and cancer type also showed G-875A associated with a trend of decreased cancer risk (Table 2) .
Sensitivity analyses and publication bias
The results suggested the influences of the individual data set to the pooled ORs are all not significant. Funnel plots and Egger's test were performed to assess publication bias (Figure 2) . The data suggested that there is no publication bias for the comparison of G-875A allele A vs. allele G (t=0.15, P=0.888).
Discussion
TGF-β is a multifunctional cytokine that is essential for maintaining homeostasis involving bone and muscle differentiation, immune response, and tumor suppression (Wu and Hill, 2009; Massague, 2012b; Li et al., 2014) . Increased production of TGF-β occurs in various tumor types and is correlated with severity of tumor grade (Massague, 2012a) . There is also evidence that TGF-β acts as a suppressor of tumor initiation but as a promoter of tumor progression when the growth inhibition effect of the TGF-β signaling pathway has been overridden by other oncogenic mutations (Massague, 2008; Adorno et al., 2009) .
Recently, several groups have used meta-analysis to investigate the association between cancer risk and gene Single nucleotide polymorphisms (SNP) involved in TGF-β signaling (Huang et al., 2010; Huang et al., 2011; Liu et al., 2012) . As one of the key effectors of TGF-β signaling, TGFBR2 mediates the growth-inhibitory signals from TGF-β through a complex with TGFBR1 (Derynck and Zhang, 2003; Ikushima and Miyazono, 2010) . Though the functional role of the TGFBR2 G-875A variant in TGF-β pathway has not yet to be well interpreted, several published clinic studies reported this variant was at decreased risk of developing various cancer Zhou et al., 2007; Jin et al., 2008; Xu et al., 2011; Zhang et al., 2011; Guo et al., 2012; Teixeira et al., 2013) . However, two published clinic studies reported this variant was not involved in the risk of cancer (Seijo et al., 2001; Jin et al., 2004) . These conflicting studies based their conclusions on a small number of samples, so a metaanalysis of all available studies will help to establish a more convincing result. From our meta-analysis, G-875A in the combined population associated with a significant trend of decreased cancer risk. There is no publication bias among the total studies. In the stratified analysis by ethnicity and subtype of cancer, significant associations between TGFBR2 G-875A polymorphism and decreased cancer risk were also detected.
In conclusion, the research of the relationship of TGFBR2 G-875A polymorphism and cancer is very popular but remain conflicting at present. Our metaanalysis suggested that under recessive, dominant and other genetic models, the G-875A polymorphism associated with a decreased risk of cancer. However, the studies included in the subgroups analysis are still limited and the results are sensitive to study selection. More comparative studies are needed to evaluate interactions of TGFBR2 polymorphisms and cancer risk in specific cancer subtypes and ethnic subtypes. 
